Objectives: Clear understanding of the long-term consequences of critical care survivorship is essential. We investigated the care process and individual factors associated with long-term mortality among ICU survivors and explored hospital use in this group. Design: Population-based data linkage study using the Secure Anonymised Information Linkage databank. Setting: All ICUs between 2006 and 2013 in Wales, United Kingdom. Patients: We identified 40,631 patients discharged alive from Welsh adult ICUs. Interventions: None. Measurements and Main results: Primary outcome was 365-day survival. The secondary outcomes were 30-and 90-day survival and hospital utilization in the 365 days following ICU discharge. Kaplan-Meier curves were plotted to compare survival rates. Cox proportional hazards regression models were used to determine risk factors of mortality. Seven-thousand eight-hundred eighty-three patients (19.4%) died during the 1-year follow-up period. In the multivariable Cox regression analysis, advanced age and comorbidities were significant determinants of long-term mortality. Expedited discharge due to ICU bed shortage was associated with higher risk. The rate of hospitalization in the year prior to the critical care admission was 28 hospitalized days/1,000 d; post critical care was 88 hospitalized days/1,000 d for those who were still alive; and 57
D
emand for critical care services is rising in many countries due to population aging (1) , advances in medical care and changes in patient, public and clinical expectations (2, 3) . However, as healthcare becomes more expensive, there is heightened interest in the appropriate use of expensive care modalities, particularly where financial austerity is felt (4) . For critical care, a clear understanding of the short-and long-term consequences of intervention is essential if access to critical care resources is to be robust, transparent, and equitable (5) .
The importance of age, acute physiologic derangement, and admission diagnosis in predicting ICU mortality have been long established, although historically focus has been predominantly on short-term outcomes (e.g., ICU-or 30-d mortality) (6) . More recent studies have suggested that beyond the initial critical illness, the rate and extent of recovery among critical care survivors is more dependent upon chronic morbidity and on subacute factors, than on acute illness (7) (8) (9) (10) (11) (12) . To date, no studies have explored the potential impact of care process factors on the long-term mortality of ICU survivors.
The aim of this study is to investigate care process and patient-level factors associated with long-term mortality among ICU survivors. We also set out to explore the hospital use 1 year before critical care admission and 1 year following critical care discharge in this group.
METHODS

Datasets
We used the Secure Anonymised Information Linkage (SAIL) databank (www.saildatabank.com) to investigate long-term hospital utilization and mortality in patients surviving to critical care discharge. The development of the SAIL databank as a secure databank of anonymized person-based records has been described previously (13) (14) (15) . The analysis of anonymized linked data was approved by the Information Governance Review Panel of the SAIL Collaboration Review System (Longitudinal analysis of Critical Care Outcomes in Wales, Project No: 0634, June 20, 2017) The datasets linked within the SAIL databank we utilized for this study were the Welsh Critical Care Dataset (WCCD, collated from the monthly exports of the Critical Care Minimum Dataset from all Welsh ICUs-including organ support, admission and discharge data), the Welsh Demographic Service Dataset (WDSD, demographic data submitted by primary care services), the Patient Episode Database for Wales (PEDW), and the Annual District Death extract of the Office for National Statistics (see supplementary digital content, http://links.lww. com/CCM/E5, for further details on Data Sources).
Study Cohort
We identified our study population as patients discharged alive from Welsh adult ICUs between April 2006 and December 2013 from the WCCD. This dataset was linked with the WDSD to obtain patient factors such as week of birth, sex, date of death, and anonymized address details. We used the week of birth to generate age on discharge date from critical care and anonymized National Health Service (NHS) registration address histories to determine time periods over which patients had lived in Wales.
We included the first index critical care admissions for all patients 16 years old or older discharged alive from critical care. We excluded patients transferred to another ICU, for whom we could not be sure of previous ICU exposure, and we excluded those discharged to palliative care. Furthermore, we limited the cohort to those with high quality matching from the identity linkage and anonymization process. Patients were followed up until 365 days after ICU discharge, death, or outward migration.
Sample Classification
We used International Classification of Diseases, 10th revision (ICD-10) codes from the PEDW inpatient dataset to determine the reason for the hospital admission and specifically to determine if the admission was due to trauma using a formula we have developed previously and to generate the Comorbidity Index score (16, 17) . The modified Charlson Comorbidity Index described by Bottle and Aylin (17) was generated using ICD-10 codes from all hospital admissions in the year preceding the discharge date (18) (see supplementary digital content, http:// links.lww.com/CCM/E5, for further details on Data Sources). Scores were categorized into three groups: low (-1-0), medium (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) , and high (> 10) (17) . We used anonymized address histories to determine a patient's Welsh Index of Multiple Deprivation 2011 quintile (see supplementary digital content, http:// links.lww.com/CCM/E5, for further details on Data Sources).
Description of Organizational Constrains and Care Processes
On average, there are 3.2 intensive care beds per 100,000 people in Wales. All Welsh Critical Care units have participated in the Intensive Care National Audit and Research Centre (ICNARC) Case Mix Programme (CMP) since 2008. The Annual Quality reports generated by ICNARC have indicated that all Welsh critical care units are within 2 sd of the predicted mortality derived from the wider CMP database, with low reported numbers of critical care-acquired infections and longer than average delays in discharging patients from critical care. Case mix, acuity, length of stay, and number of organs supported among patients admitted to Critical Care units in Wales are otherwise consistent with that reported for the wider CMP population. We provide detailed links to publicly available reports and datasets which describe the organizational structure, the changes occurred, and the care processes applied in the Welsh critical care service in the supplementary digital content, http://links.lww.com/CCM/E5, for further details on Data Sources.
Outcomes
The primary outcome was 365-day survival. The secondary outcomes were 30-and 90-day survival and total number of days in hospital per 1,000 days in the 365 days following ICU discharge.
Hospital Days Pre and Post Critical Care
Days spent in hospital during the year before and the year after the index ICU admission was measured using the PEDW inpatient dataset for each patient and presented as a proportion of total 365 days pre-ICU and a proportion of time to migration, death, or 365 days (whichever was the shortest), respectively. We also reported hospital days per 1,000 follow-up days both before and after the index episode. Data errors such as null hospital admission and discharge dates were identified and excluded from the analysis.
Statistical Analysis
Statistical analysis was performed in R using the "Survival" and "Survminer" packages (19) .
Basic Demographic data are presented as counts and percentages.
Cox proportional hazards regression models were used to determine risk factors of mortality. Variables were classified as individual patient and care process factors (Table S1 , Supplemental Digital Content 1, http://links.lww.com/CCM/ E5). The Akaike information criterion (AIC) and backward elimination methods were used separately to determine the significant factors associated with mortality. The likelihood ratio test was used in the backward elimination method using a significance level of p value of less than 0.05. We only considered main effects in this analysis; interaction terms were not included in the models. Proportional hazards were tested by observing the parallel ln[-ln{S(t)}] curves for each variable and testing the correlation between scaled Schoenfeld residuals and Kaplan-Meier survival time. Time-dependent coefficients were incorporated in extended Cox models for variables that failed the proportional hazards assumption. Categories were created to denote missing data, and we assumed data missing at random.
Results are presented in the form of hazard ratios with 95% CIs and p values.
Hospital utilization is presented as median (interquartile range [IQR]), and incident rate ratios were calculated from the ratios of the total days in hospital and the total follow-up time. The Wilcoxon rank-sum test was used to test for differences in the proportion of time spent in hospital between those alive at the end of the study and those who died.
RESULTS
The critical care dataset included 68,577 episodes of care between April 1, 2006, and December 31, 2013. The following flowchart demonstrates how the survival cohort of 40,631 patients and the hospital utilization cohort of 40,420 patients were obtained (Fig. 1) .
Survival Analysis
Of the 40,631 patients discharged alive from critical care, 7,883 (19.4%) died during the 1-year follow-up period. Survival probability at 30 days, 90 days, and 1 year following ICU discharge was 0.926 (95% CI, 0.923-0.928), 0.885 (0.882-0.888), and 0.805 (0.801-0.809), respectively ( Fig. 2; and Fig. S1 , Supplemental Digital Content 1, http://links.lww.com/CCM/E5). This was almost identical throughout the study period (Fig. S2 , Supplemental Digital Content 1, http://links.lww.com/CCM/ E5). Baseline characteristics, organ support, and discharge data are shown in Tables S2 and S3 (Supplemental Digital Content 1, http://links.lww.com/CCM/E5). Comparison of patients who died without leaving the hospital following the index critical care admission versus those who were discharged alive from the hospital but died later is presented in Table S4 (Supplemental Digital Content 1, http://links.lww.com/CCM/E5).
The geographical distribution of the patients who died during the study period is presented in Figure 3 .
In the multivariable Cox regression analysis, we found multiple patients and care process factors associated with higher risk of mortality after 1 year ( Fig. 4; and Table S5 , Supplemental Digital Content 1, http://links.lww.com/CCM/ E5). Both the AIC and backward elimination methods identified the same variables. Advanced age and comorbidities were significant determinants of long-term mortality (Figs. S3 and S4, Supplemental Digital Content 1, http://links. lww.com/CCM/E5). Unplanned acute admissions, admissions for medical reasons, admissions from a hospital ward and the provision of basic respiratory, gastrointestinal, liver, neurologic, or renal support as defined by the Critical Care Minimum Dataset were associated with increased hazard (more detailed information on organ support definitions can be found in the supplementary digital content, http:// links.lww.com/CCM/E5, for further details on Data Sources). Expedited discharge from the ICU due to critical care bed shortage and evening discharges were associated with higher risks of death. Discharges direct to home appear to reduce the hazard. Details on the variables that failed the proportional hazards assumption are available in Table S6 (Supplemental Digital Content 1, http://links.lww.com/CCM/E5).
Hospital Utilization
Forty-thousand four-hundred twenty patients were included in the hospital day utilization aspect of the analysis, of whom 7,821 had died by the end of the study. The rate of hospitalization in the year prior to the critical care admission was 28 hospitalized days/1,000 d for those who were still alive at the end of the observation period and was 57 hospitalized days/1,000 d for those who died by the end of the observation period. The rate during the follow-up period post critical care for those alive and those who died was 88 hospitalized days/1,000 d and 412 hospitalized days/1,000 d, respectively. The incident rate ratio of hospitalization for those who were alive and those who died by the end of the study period was 3.19 (95% CI, 3.173-3.198) and 7.28 (95% CI, 7.233-7.320), respectively (Table S7; and Figs. S5 and S6, Supplemental Digital Content 1, http:// links.lww.com/CCM/E5). Of the 32,599 survivors, 17,696 were rehospitalized during the follow-up period.
In the time period after the critical care admission, the proportion of follow-up time spent in hospital in those who died was significantly higher compared with those who were alive within 1-year of ICU discharge (median, 0.97; IQR, 0.31-1.00 for nonsurvivors vs median, 0.04; IQR, 0.01-0.09 for survivors, respectively, p < 0.001.)
DISCUSSION
We found that one in five patients who were discharged alive from critical care died within 1 year, with most events within 90 days of ICU discharge. In a multivariate analysis, advancing age and multiple comorbidities were associated with adverse outcome, together with need for multiple organ support and length of ICU stay. Importantly, we have discovered several organizational factors, which were associated with improved survival, notably, discharge during the morning in office hours, and discharge directly to home from the ICU. We found that those who died in the 1-year follow-up period had a higher rate of hospitalization before and after the critical care admission. Almost half of the patients who died after critical care discharge, died before leaving hospital.
Our study is the first largescale population-based analysis of ICU survivors in the Welsh NHS, encompassing almost a decade. We have confirmed that 1-year survival is primarily determined by patient factors such as age and chronic comorbidities (20) . A contemporary population-based study looking at long-term outcomes over a 10-year period found almost identical 1-year mortality, risk factors, and healthcare utilization of ICU survivors in Canada (21) . Similar to our findings age, comorbidity, and primary diagnosis were strongest predictors of 1-year survival in large cohorts of Australian and Dutch patients from point of hospital discharge after critical illness (10, 11). Lone et al (8) recently reported a 1-year mortality of 10.9% in Scotland. Although this appears to be half of our 19.5% mortality, their cohort only consisted of ICU survivors who were also alive at hospital discharge. We included all patients, who were discharged alive from the ICU and found that the post-ICU hospital mortality was 9.4%. Thus, our cohort also had a 1-year mortality of 10.8%, when we only look at ICU survivors who were alive at hospital discharge.
Half of the patients who died during our study period did so without leaving the hospital following the critical care index (15); first critical care episode: readmission episodes during the study period were excluded; discharged alive: patients who died while on the ICU were excluded; continuing ICU care: patients who were transferred internally within the same critical care unit were excluded.
episode. These patients were older, had more comorbidities, had longer ICU stay and received more organ support compared with the ones who died following hospital discharge. It is also possible that these patients had higher illness severity on ICU admission; however, we could not quantify this from data available for our analysis. Although it is plausible that higher severity of illness on ICU admission results in worse long-term outcomes, it appears to be more important in the short-term, within 30-days of ICU discharge when examined in large, population-based datasets (8, 22, 23) . Indeed, investigating determinants of short-and long-term survival in a population-based study set between 1999 and 2008, Garland et al (7) concluded that short-term mortality was largely determined by acute illness factors, whereas mortality beyond 3 months was mainly determined by age and comorbidity. Our results suggest that despite surviving the acute organ dysfunction and ICU stay, patients older than 80 years old with comorbidities are at high risk of death within 1-year of ICU discharge. The mortality following ICU discharge in this patient group was worse than the pessimistic prediction model developed in Norway but similar to the data reported elsewhere on contemporary cohorts (5, 22, 23) .
Large percentage of patients who died lived in geographical areas where the over 65 years old population is well above the Welsh average (24) . However, in two areas (covered by Cwm Taf and Aneurin Bevan University Health Boards) the number of deaths over the study period seemed to be more closely aligned with high level of deprivation and known concentration of chronic illnesses, primarily due to strong industrial heritage, whereas the over 65 years old population is lower (24) . Previously Welch et al (25) reported that significantly more patients are admitted to critical care in United Kingdom from areas of high social deprivation, with worse hospital outcomes. Our data suggest that lack of critical care capacity may play part in the observed mortality as these are the two health boards that have the least amount of critical care beds per 100,000 population in Wales, whereas according to the ICNARC data hospital mortality for patients admitted to the critical care units serving these areas was within 1 sd of national average (26) .
Admissions for medical conditions, patients needing multiple organ support, and long ICU stay were independent predictors of death after 1-year of ICU discharge. All these factors have been reported previously as significant determinants of short-term ICU and hospital mortality (7, 10, 21, 27, 28) . In line with the recently published analysis of the whole ICNARC dataset, admissions or discharges at night were not associated with adverse outcomes (29) . On the other hand, premature discharge, due to lack of critical care bed availability, which happens usually outof-hours and at times of high nursing and medical workload, is associated with higher mortality. Similar findings have been reported from multiple groups, giving external validity to our data (30, 31) . Discharge to home directly from the ICU was associated with better outcome, presumably as patients in this group were younger with fewer comorbidities and reversible single system pathology, in keeping with the findings of Lau et al (32) .
We are the first to provide population-based data on hospital utilization both before and after the index episode of ICU survivors. Our findings that the length of hospitalization in the year prior to ICU admission can be used as a predictor of post-ICU Figure 2 . One-year survival probability of patients discharged from the Welsh ICUs during the study period.
outcome, strengthen our argument on the importance of comorbidities and potentially frailty being key drivers for long-term mortality. The rate and length of hospitalization associated with ICU survivorship can be used to inform health policy for healthcare systems similar to the Welsh NHS. Unsurprisingly, hospitalization was longest amongst the nonsurvivors, both before and after ICU. This correlates with the high index of comorbidity in this group. Our results will help to inform discussions with patients, family members, and healthcare professionals of the consequences of surviving an admission to ICU.
The strengths of this study are the use of a complete national cohort of patients, inclusion of all patients discharged from the ICU, near complete follow-up and use of an integrated data linkage system (14) . These factors minimize the risks of selection and loss to follow-up biases frequently encountered in prospective observational studies and provide external validity (33). However, there are certain limitations. The national administrative inpatient data lacks detailed information about disease severity and medical treatments, and comorbidities based on the ICD-10 coding may not be accurate. We could not analyze the impact of illness severity on ICU admission, as these data are not available currently in the SAIL databank. Although this is an important limitation, the currently available evidence suggests following ICU and hospital discharge acute illness severity has diminishing impact on long-term outcomes (7, 8) . We did not assess the impact of frailty, which has been shown to have a significant association with shortand long-term mortality in other regions (34) (35) (36) . In the current analysis, we were unable to evaluate some important long-term outcomes that are not routinely recorded, such as self-rated health and ability to perform activities of daily living. However, we are working on extending data linkage to primary and social care to evaluate outcomes expected to be related to these factors. Factors affecting survival from the multivariate Cox regression model. Admission status: unplanned: acute admission from the emergency department or the ward; comorbidity score calculation and organ support definitions are described in the supplemental digital content (http://links.lww. com/CCM/E5); acute hospital: provide a range of acute inpatient and outpatient services, specialist services (including some surgical acute specialties) but not the wide range available in major acute hospitals and may not have 24/7 emergency department. Discharge status: specialized critical care transfer: transferred from critical care unit for tertiary specialist critical care provision; discharge status: early, critical care bed shortage: transferred from critical care before deemed clinically ready to lower acuity beds due to ICU capacity reasons; discharge status: continued critical care transfer: transferred from critical care unit due to capacity reasons. HDU = high dependency unit, LOS = length of stay, WIMD = Welsh Index of Multiple Deprivation. 
CONCLUSIONS
One in five ICU survivors die within 1 year, with advanced age and comorbidity being significant predictors of outcome. Premature discharge due to unavailability of ICU bed was associated with higher mortality. Hospital use before and after the ICU discharge was high, especially in nonsurvivors who tended to be older and with significant comorbidities. Although age and comorbidity are nonmodifiable factors, we highlighted potentially adaptable organizational and care process factors to optimize service provision and improve long-term outcomes of the critically ill.
